Vinyllithiums were effectively generated by bromine-lithium exchange reaction of vinyl bromides with one eq of s-BuLi in a flow microreactor system at 0°C or 20°C, although two eq of t-BuLi and much lower temperatures are required for a conventional macro batch reaction. Subsequent reactions with various electrophiles in the flow microreactor system gave the corresponding vinyl compounds in good yields. [3]. The use of two eq of t-BuLi avoids undesired reaction of the resulting vinyllithium and t-butyl bromide, which are produced by halogen-lithium exchange. The second eq of t-BuLi rapidly reacts with t-butyl bromide to give innocuous LiBr and isobutene. However, the use of highly two eq of t-BuLi is problematic, especially in industrial production. The treatment of vinyl iodides with n-BuLi in nonpolar solvents such as hexane, benzene, and toluene at 25°C gives the corresponding vinyllithiums [4], but vinyl iodides are usually expensive and/or difficult to prepare. Therefore, the development of a new method for generating vinyllithiums is still needed.
Vinylmetals serve as powerful and versatile reagents for making organic compounds having carbon-carbon double bonds [1] . Various vinylmetals involving vinyllithiums, -magnesiums, and -aluminums have been developed and used so far. Among them, vinyllithiums have enjoyed a wide range of applications because of their high reactivity [2] . Several methods have been used for generating vinyllithiums such as a reaction of an organic halide with lithium metal, halogen-lithium exchange, transmetalation, and carbolithiation. Especially, halogen-lithium exchange of vinyl halides is reliable and useful. A typical procedure developed by Seebach is as follows: a vinyl bromide is treated with t-BuLi in tetrahydrofuran (THF) or/and Et 2 O at low temperatures such as −78°C (non-terminal vinyl bromides) or <−110°C (terminal vinyl bromides) [3] . The use of two eq of t-BuLi avoids undesired reaction of the resulting vinyllithium and t-butyl bromide, which are produced by halogen-lithium exchange. The second eq of t-BuLi rapidly reacts with t-butyl bromide to give innocuous LiBr and isobutene. However, the use of highly two eq of t-BuLi is problematic, especially in industrial production. The treatment of vinyl iodides with n-BuLi in nonpolar solvents such as hexane, benzene, and toluene at 25°C gives the corresponding vinyllithiums [4], but vinyl iodides are usually expensive and/or difficult to prepare. Therefore, the development of a new method for generating vinyllithiums is still needed.
Recently, flow microreactor systems [5, 6] have received significant research interest both from the academia and the industry, because they are expected to make a revolutionary change in chemical synthesis and production. For example, highly exothermic reactions can be conducted in a controlled way by taking advantage of efficient heat transfer of a flow microreactor [7] . Flash chemistry [8] using flow microreactors enables the use of highly unstable intermediates because they can be transferred to another location to be used in the next reaction before they decompose by virtue of short residence times in flow microreactor system. Recently, we have reported that flow microreactor systems are useful for conducting reactions involving highly unstable short-lived aryllithiums, heteroaryllithums, oxiranyllithiums, aziridinyllithiums, allenyllithiums, and chiral alkyllithiums [9] . Herein, we report that the generation and the reactions of vinyllithiums by the bromine-lithium exchange reaction of vinyl bromides with s-BuLi instead of t-BuLi can be easily accomplished without using cryogenic conditions by using flow microreactor systems.
We chose to study the Br/Li exchange of (E)-β-bromostyrene (1). It is well known that the generation of (E)-β-styryllithium (2) by Br/Li exchange requires the use of t-BuLi at very low temperatures such as −110°C [3] . To confirm this, we carried out the reaction at −78°C using other lithiating agents in a conventional macro batch reactor. A solution of a lithiating reagent [0.42 M, 1.5 mL (1.05 eq)] such as s-BuLi, n-BuLi, PhLi, and MeLi was added dropwise (1 min) to a solution of 1 (0.100 M in THF, 6.0 mL) in a 10-mL round-bottom flask at −78°C to generate 2. The resulting solution was stirred for 1 min at the same temperature. A solution of benzaldehyde (0.60 M in THF, 3.0 mL) was added as an electrophile, and the resulting solution was stirred for a further 10 min. The yield of (E)-1,3-diphenylprop-2-en-1-ol (3) was determined by gas chromatography (GC). As shown in Table 1 , s-BuLi and n-BuLi were not effective even at −78°C, although the a A solution of a lithiating reagent (0.42 M in hexane, 1.5 mL) was added dropwise (1 min) to a solution of (E)-β-bromostyrene (1) (0.10 M in THF, 6.0 mL) at −78°C. After stirring for 1 min at −78°C, a solution of benzaldehyde (0.60 M in THF, 3.0 mL) was added as an electrophile. After stirring for 10 min at −78°C, the conversion of 1 and the yield of 3 were determined by GC Fig. 1 . Flow microreactor system for Br/Li exchange reaction of (E)-β-bromostyrene (1). T-shaped micromixers: M1 and M2, microtube reactors: R1 and R2, flow rate of a solution of (E)-β-bromostyrene (1) (0.10 M in THF): 6.0 mL/min, flow rate of a solution of RLi (0.42 M): 1.5 mL/min, flow rate of a solution of benzaldehyde (0.30 M in THF): 3 mL/min starting material 1 was consumed quantitatively. The use of PhLi or MeLi did not give the desired product at all presumably because deprotonation took place preferentially.
In the next step, the reactions were carried out using a flow microreactor system composed of two T-shaped micromixers (M1 and M2) and two microtube reactors (R1 and R2) at 0°C, which is much higher than that for batch macro reaction, and varying the lithiating reagent (RLi) and the residence time (t R ) (Fig. 1) .
As shown in Table 2 , the use of s-BuLi gave the desired product 3 in high yield (86 %). (E)-β-Styryllithium (2) was effectively generated and reacted with benzaldehyde. In contrast, the reaction using n-BuLi gave 3 in a lower yield. PhLi and MeLi did not give 3 at all, and a significant amount of 1,3-diphenylprop-2-yn-1-ol was produced. Presumably, deprotonation followed by the elimination of bromide took place to give phenylacetylene, which was deprotonated and reacted with benzaldehyde (see Supporting Information for details). Therefore, hereafter, we used s-BuLi as a lithiating reagent.
To get a deeper insight into the feature of the reaction, we carried out the reaction by varying the residence time in R1 [t R (s)] at 0 and 20°C in the flow microreactor system. As shown in Fig. 2 , the yield of 3 significantly depends on t R , although an almost quantitative conversion of 1 was achieved for the range of t R examined. The yields were moderate at long t R such as 10 s. A decrease in t R caused an increase in the yield of 3, presumably because decomposition of 2 was suppressed. It should be noted that the flow microreactor system enabled the Br/Li exchange of 1 with one eq of s-BuLi, instead of t-BuLi without using cryogenic conditions.
Under the optimized conditions (t R = 0.055 s, T = 0°C), the generation of (E)-β-styryllithium followed by the reactions with various electrophiles was examined. As shown in Table 3 , the corresponding products were obtained in good yields. The present method could be also applied to other vinyl bromides, and the corresponding vinyl compounds were obtained stereoselectively. However, the yield of desired product from Table 2 . Br/Li exchange reaction of (E)-β-bromostyrene (1) followed by reaction with benzaldehyde at 0°C using a flow microreactor system Fig. 2 . Effects of the temperature and the residence time (t R ) in R1 on the yield of 3 in the Br/Li exchange reaction of (E)-β-bromostyrene (1) with s-BuLi followed by reaction with benzaldehyde using the flow microreactor system. (a) At 20°C; (b) at 0°C Table 3 . Br/Li exchange reaction of 1 followed by reaction with electrophiles (1.5 eq) in a flow microreactor system cis-propenyl bromide was lower than that from trans-propenyl bromide presumably because deprotonation of cis-propenyl bromide taking place.
In conclusion, we have developed a flow microreactor method for generating vinyllithiums by Br/Li exchange using one eq of s-BuLi without using cryogenic conditions. The scope and limitations of the present method and synthesis of a variety of vinylic compounds are under investigation in our laboratory.
